Molecular, cellular, and genetic basis of radiosensitivity at low doses: a case of inducible repair?
Many proteins are induced by ionizing radiation, and genes are activated. We still do not know which, if any, are responsible for IRR, or what leads to the adaptive response seen at still lower doses. Are these the same responses? Are they related to apoptosis, repair of potentially lethal damage and other responses? Does the cell have a whole battery of responses, depending on the dose? I suspect this is the case. Can the responses be explained more simply, as effects on regulators of cell cycle or induction of fidelity, or is there induction of repair? Are there still other explanations for the apparent protection? The initial slope of the survival curve which was addressed earlier (1) must take on new meaning given the hyperradiosensitive portion. Similarly, we may have to change our thinking with respect to the LQ description of survival data. It is not surprising that this workshop, held at such an early stage primarily to address the phenomenon of increased radioresistance, produced more questions than answers. Single-strand breaks may trigger resistance, but additional lesions or classes of damage may be relevant. Some physicists expect the damage caused to be linear with dose; the biologists suggest that the response is nonlinear (e.g. saturation of an enzyme, induction of repair, cell cycle effects) and there is room for biochemistry which could also vary with dose (e.g. consumption of a protector or a sensitizer). Some biophysicists would argue that the observed structures in survival curves might be explained by change in the target cross section such as a large change in DNA conformation caused by a very low dose. There is some reluctance in the radiobiology community to accept that cells may respond to ionizing radiation by inducing or activating protective mechanisms, although the cell exhibits defensive responses to many other detrimental stimuli. If "the heart of the matter is in the shape of the survival curve" as suggested by Dr. Elkind in his summary of the 1974 "low doses" conference (p. 385 in ref. 1), then we are fortunate indeed that there are now additional methods to attack the question directly of what is turned on or activated. It is anticipated that there will be many further developments within the year, to be presented at related sessions at larger meetings, and at a closely related meeting to be held in June 1994 in Montreal, entitled "Gene Induction and Adaptive Responses in Irradiated Cells: Mechanisms and Clinical Implications."